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Description 

The  present  invention  relates  to  a  taper  cutting  control  unit  for  a  wire-cut,  electric  discharge  machine. 
As  is  well-known  in  the  art,  a  wire-cut,  electric  discharge  machine  has  a  wire  electrode  (hereinafter  referred 

5  to  simply  as  a  wire)  stretched  in  a  taut  condition  between  upper  and  lower  guides  and  cuts  a  workpiece  by  a 
discharge  which  is  produced  between  the  wire  and  the  workpiece.  The  workpiece  is  fixedly  mounted  on  a  table 
and  shifted  along  a  desired  shape  in  the  X  and  Y  directions  in  response  to  commands  from  a  numerical  con- 
troller.  In  this  instance,  when  the  wire  is  stretched  in  a  direction  perpendicular  to  the  table  (or  the  workpiece), 
the  workpiece  is  cut  into  a  required  profile  whose  top  and  bottom  surfaces  have  the  same  shape.  When  the 

10  upperguide  is  adapted  to  be  displaceable  in  the  Xand  Y  directions  and  is  displaced  in  a  direction  perpendicular 
to  the  direction  of  travel  of  the  wire  so  that  the  wire  is  held  at  an  angle  to  the  workpiece  for  an  angular  cut, 
so-called  taper  cutting  takes  place  by  which  the  workpiece  is  cut  into  a  required  profile  with  top  and  bottom 
surfaces  of  different  shapes. 

Fig.  8  is  a  schematic  diagram  showing  the  general  arrangement  of  such  a  four-axis  control  wire-cut,  electric 
15  discharge  machine,  in  which  a  workpiece  WK  is  fixedly  mounted  on  an  X-Y  table  TB  which  is  driven  by  motors 

MX  and  MY  in  the  X  and  Y  directions.  On  the  other  hand,  a  wire  WR  is  paid  out  of  a  reel  RL1  and  wound  onto 
a  reel  RL2  while  being  stretched  between  lower  and  upper  guides  DG  and  UG,  and  a  voltage  is  applied  from 
a  contact  electrode,  not  shown,  to  the  wire,  producing  a  discharge  between  it  and  the  workpiece  WK.  The  upper 
guide  UG  is  provided  on  a  column  CM  in  a  manner  to  be  movable  by  motors  MU  and  MV  in  the  X  and  Y  direc- 

20  tions,  respectively,  and  the  motors  MX,  MY,  MU  and  MV  are  driven  by  servo  control  circuits  DVX,  DVY,  DVU 
and  DW  of  a  numerical  controller  NC.  When  the  contents  of  a  command  tape  TP  are  read,  processing  for  dis- 
tributing  pulses  to  each  axis  is  performed  by  a  distribution  circuit  DS.  With  such  a  wire-cut,  electric  discharge 
machine,  taper  cutting  of  the  workpiece  WK  can  be  achieved  by  displacing  the  upper  guide  UG  in  the  X  and  Y 
directions  so  that  the  wire  WR  is  tilted  with  respect  to  the  workpiece  WK. 

25  Fig.  9  is  a  diagram  explanatory  of  such  taper  cutting.  The  wire  WR  is  shown  to  be  stretched  between  the 
upper  and  lower  guides  UG  and  DG  at  a  predetermined  angle  to  the  workpiece  WK.  Now,  assuming  that  a 
shape,  into  which  the  bottom  surface  PL  of  the  workpiece  WK  is  to  be  cut,  is  programmed  (the  shape  into  which 
the  top  surface  QU  of  the  workpiece  WK  is  cut  may  also  be  programmed),  and  letting  the  angle  of  taper  be 
represented  by  90,  the  distance  between  the  upper  and  lower  guides  UG  and  DG  by  H,  and  the  distance  between 

30  the  lower  guide  DG  and  the  bottom  surface  of  the  workpiece  WK  by  h,  the  amounts  of  offset  d,  and  d2  of  the 
lower  and  upper  guides  DG  and  UG  from  the  bottom  surface  PL  of  the  workpiece  WK  can  be  expressed  as 
follows: 

dt  =  (htan90)  +  d/2  (1) 

35 
d2  =  ( H - t a n 8 0 )   -  ( h - t a n 6 0 )   -  d / 2  

=  ( H - t a n 6 0 )   -  di  ( 2 )  

40 
where  d  is  the  width  of  a  groove  being  cut  in  the  workpiece. 

Accordingly,  when  the  movement  of  the  upper  guide  UG  around  which  the  wire  WR  is  directed  is  controlled 
as  the  workpiece  is  moved  so  that  the  amounts  of  offset  d,  and  d2  remain  constant,  the  workpiece  can  be  tapered 
at  the  angle  80,  as  depicted  in  Fig.  10.  In  Fig.  10,  the  broken  line  and  the  one-dot  chain  line  indicate  paths  of 

45  the  upper  and  lower  guides  UG  and  DG,  respectively.  During  taper  cutting,  commands  are  usually  issued  on 
the  programmed  path  on  the  bottom  or  top  surface  of  the  workpiece,  the  feed  rate  along  the  programmed  path, 
the  tapering  angle  90,  the  afore-mentioned  distances  H  and  h,  etc.,  thereby  performing  the  cutting  as  instructed. 

Incidentally,  the  wire-cut,  electric  discharge  machine  usually  employs  a  circularly-bored  die  for  taper  cut- 
ting.  Fig.  11  shows  in  section  such  circularly-bored  dies  which  are  utilized  as  the  upper  and  lower  guides  UG 

50  and  DG.  In  Fig.  1  1  ,  reference  character  CH  indicates  a  circular  bore  of  the  die,  NSU  a  bottleneck  portion  of  the 
upperguide  UG,  and  NSD  a  bottleneck  portion  of  the  lower  guide  DG.  The  bottleneck  portion  of  each  guide  is 
formed  at  a  sharp  angle  or  slightly  rounded.  In  the  electric  discharge  machine  using  such  circularly-bored  dies 
as  the  upper  and  lower  guides,  the  amount  of  travel  of  the  upper  guide  UG  relative  to  the  workpiece  is  deter- 
mined  based  on  the  centers  of  the  bottleneck  portions  NSU  and  NSD  (indicated  by  black  circles)  as  wire  sup-  - 

55  porting  points  the  positions  of  which  determine  the  tapering  angle,  and  the  movement  of  the  upper  guide  is 
controlled  accordingly.  That  is,  the  amount  of  relative  travel  of  the  upper  guide  UG  and  the  workpiece  is  cal- 
culated  on  the  basis  of  the  tapering  angle  90  which  is  an  angle  between  a  straight  line  joining  the  wire  supporting 
points  of  the  upper  and  lower  wire  guides,  the  vertical  distance  H  between  the  two  wire  supporting  points,  and 



EP  0  214  295  B1 

the  distance  h  between  the  wire  supporting  point  in  the  lower  guide  DG  and  the  bottom  surface  of  the  workpiece, 
and  the  movement  of  the  upper  guide  is  controlled  in  accordance  with  the  amount  of  its  relative  travel  thus 
obtained. 

In  the  case  where  the  bottleneck  portions  NSU  and  NSD  of  the  circularly-bored  dies  are  formed  at  a  sharp 
5  angle  or  slightly  rounded,  since  the  wire  has  a  predetermined  diameter  and  a  certain  flexual  rigidity,  an  increase 

in  the  tapering  angle  60  causes  the  trajectory  of  the  wire  center  to  become  as  indicated  by  the  broken  line  in 
Fig.  1  1  ,  and  so  the  wire  can  no  longer  retain  the  angle  90.  Furthermore,  since  the  wire  abruptly  bends,  its  trajec- 
tory  varies  during  running,  resulting  in  a  failure  of  high  precision  cutting. 

In  view  of  the  above,  the  present  inventor  has  previously  proposed  the  following  system  which  keeps  the 
10  tapering  angle  as  instructed  and  prevents  the  wire  from  shifting  its  position  while  in  operation  (see  Japanese 

Pat.  Pub.  Disc.  No.  28424/83,  for  example). 
Fig.  12  is  a  sectional  view  for  explaining  wire  guides  for  taper  cutting  by  the  electric  discharge  machine 

according  to  the  above-said  proposal.  In  Fig.  12,  reference  character  WR  identifies  a  wire,  UG  an  upper  guide, 
and  DG  a  lower  guide.  A  workpiece  is  disposed  between  the  upper  and  lower  guides  UG  and  DG,  though  not 

15  shown.  Those  portions  UGW,  UGW  (the  upperguide)  and  DGW,  DGW  (the  lowerguide)  of  the  upper  and  lower 
guides  UG  and  DG  along  which  the  wire  is  guided  on  the  side  facing  the  workpiece  are  each  curved,  in  section, 
along  an  arc  of  a  circle  with  a  radius  Ro,  and  those  portions  UGU  and  DGU  of  the  guides  which  are  on  the  side 
opposite  from  the  workpiece  are  conically-sectioned.  That  is,  both  the  oncoming  side  of  the  upper  guide  UG 
and  the  offrunning  side  of  the  lower  guide  DG  are  of  circular  (spherical)  cross  section  with  the  radius  Ro.  It  is 

20  desirable  that  the  value  of  the  radius  Ro  be  three  times,  preferably,  five  times  or  more  largerthan  the  wire  diame- 
ter.  With  the  inlet  and  outlet  portions  of  the  guides  thus  rounded  in  section  along  a  circular  arc  with  the  radius 
Ro,  there  is  no  longer  posed  the  problem  which  arises  from  the  bending  of  the  wire  WR  as  in  the  case  of  using 
the  circularly-bored  dies.  In  other  words,  the  wire  WR  is  smoothly  guided  through  the  dies  and  becomes  less 
slack,  so  that  it  is  possible  to  reduce  the  variations  in  the  trajectory  of  the  wire  and  the  variations  in  the  tapering 

25  angle  owing  to  the  rigidity  of  the  wire. 
With  the  guides  of  the  structure  depicted  in  Fig.  12,  the  essential  wire  supporting  points  shift  to  points  A 

and  A'  respectively.  The  points  A  and  A'  are  each  the  intersection  of  the  centre  lines  of  the  vertical  portions 
WRn  of  the  wire  WR,  with  the  center  line  of  the  taper  cutting  portion  WRt.  During  programming  the  programmed 
path,  the  distances  H  and  h,  and  the  tapering  angle  e0  are  commanded  on  the  assumption  that  the  wire  is  sup- 

30  ported  at  points  C  and  C  Accordingly,  during  actual  cutting  the  commanded  or  other  data  must  be  corrected 
on  the  basis  of  the  tapering  angle  60;  this  correction  is  effected  in  such  a  manner  as  follows: 

Now,  letting  the  diameter  of  the  wire  WR  be  represented  by  <|>,  the  distance  5,  between  the  essential  wire 
supporting  points  A,  A'  and  the  wire  supporting  points  C,  C  on  the  program  is  given  by 

8,  =  (Ro  +  <j./2)tan(0o/2)  (3) 
35  and  the  essential  wire  supporting  points  A  and  A'  approach  each  other  in  the  vertical  direction.  Namely,  the 

vertical  distance  He  and  the  horizontal  distance  Dc  between  the  essential  supporting  points  A  and  A'  are  exp- 
ressed  by  the  following  equations: 

Hc  =  H-2(Ro  +  <t>/2)tan(0o/2)  (4) 
Dc  =  He  tan0o  =  {H  -  2(Ro  +  <|>/2)tan(eo/2)}tan0o  (5) 

40  Accordingly,  the  following  methods  can  be  employed  for  the  correction: 
[A]  Noting  the  vertical  distance  between  the  supporting  points,  the  distance  He  is  obtained  from  Eq.  (4),  and 
taper  cutting  is  controlled  in  accordance  with  the  distance  He. 
[B]  Noting  the  horizontal  distance  between  the  supporting  points,  the  distances  of  travel  of  the  upper  and  lower 
guides  are  corrected  on  the  basis  of  Eq.  (5),  without  correcting  the  distance  H.  That  is,  the  lower  and  upper 

45  guides  DG  and  UG  are  moved  to  the  left  and  to  the  right,  respectively,  by  the  following  distance: 
(Ro  +  <t>/2)-tan(9o/2)-taneo  (6) 

However,  the  present  inventor's  experiments  revealed  that  sufficient  accuracy  of  taper  cutting  could  not 
be  obtained  with  such  a  correction  alone. 

As  shown  in  Fig.  13,  a  0.2  mm  diameter  wire  was  used  as  the  wire  WR,  and  a  guide  whose  guideway  had 
so  a  5  mm  radius  of  curvature  and  had  a  minimum  clearance  of  around  1  0  urn  between  it  and  the  wire  was  used 

as  the  guide  GW.  When  taper  cutting  was  actually  performed  for  various  tapering  angles  while  applying  a  tensile 
force  of  700  g  to  the  wire  WR,  the  actual  tapering  angles  differed  from  commanded  ones.  The  deviation  8  of 
the  supporting  point  of  the  wire  WR,  counted  back  from  each  actual  tapering  angle,  was  such  as  indicated  by 
the  solid  line  1  in  Fig.  14,  from  which  it  is  seen  that  the  above  deviation  differed  relatively  largely  from  the  devi- 

55  ation  Si  (indicated  by  the  broken  line  2  in  Fig.  14)  obtained  from  Eq.  (3). 
The  present  invention  has  been  made  in  view  of  the  above,  and  has  for  its  object  to  further  improve  the 

taper  cutting  accuracy. 
According  to  the  present  invention  three  is  provided  a  taper  cutting  control  unit  as  defined  in  the  attached 
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claim. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

5  Fig.  1  is  a  block  diagram  illustrating  the  principal  part  of  an  embodiment  of  the  present  invention;  Figs.  2, 
3,  4  and  5  are  diagrams  for  explaining  the  principles  of  the  present  invention;  Figs.  6  and  7  are  sectional  views 
of  different  kinds  of  guides;  Fig.  8  is  a  diagram  for  explaining  the  general  arrangement  of  a  wire-cut,  electric 
discharge  machine;  Figs.  9  and  10  are  diagrams  for  explaining  taper  cutting;  Figs.  1  1  and  12  are  diagrams  exp- 
lanatory  of  the  prior  art;  Fig.  13  is  a  sectional  view  showing  a  guide  structure  used  in  experiments;  and  Fig.  14 

10  is  a  graph  showing  an  example  of  the  experimental  results. 
A  description  will  be  given  first  of  the  principles  of  the  present  invention. 
What  can  be  seen  from  the  afore-mentioned  experiments  is  that  the  actual  inclination  of  the  straight  portion 

of  the  wire  WR  between  the  upper  and  lower  guides  UG  and  DG,  indicated  by  the  broken  line  in  Fig.  12,  is 
greater  than  the  inclination  indicated  by  the  solid  line.  In  this  instance,  it  is  considered  that  since  the  wire  WR 

is  passes  through  the  bottleneck  portions  of  the  upper  and  lower  guides  UG  and  DG  at  the  same  position,  the 
wire  WR  does  not  exactly  conform  to  the  geometrical  configuration  of  the  guideway  of  each  of  the  upper  and 
lower  guides  UG  and  DG  but  slightly  deviates  therefrom,  causing  an  increase  in  the  inclination  of  the  straight 
portion  of  the  wire  WR. 

In  view  of  the  above,  the  present  inventor  studied  the  curvature  of  the  wire  WR,  assuming  such  a  model 
20  as  shown  in  Fig.  2.  In  Fig.  2,  reference  characters  UG  and  DG  indicate  circular  upper  and  lower  guides  with  a 

radius  R  (In  fact,  the  radius  of  each  guide  is  R<,  and  the  radius  of  the  wire  exists,  so  R  =  Rq  +  §12;  but  these 
factors  are  omitted  for  the  sake  of  brevity.),  WR  a  wire,  and  90  the  angle  between  a  line  (a  one-dot  chain  line 
4)  tangential  to  the  upper  and  lower  guides  UG  and  DG  and  the  direction  in  which  the  wire  WR  is  pulled.  Fur- 
thermore,  the  following  conditions  were  assumed: 

25  (1)  The  wire  WR  is  an  elastic  member. 
(2)  The  guides  are  circular. 
(3)  The  span  between  the  guides  is  sufficiently  wide. 
(4)  The  ends  of  the  wire  are  pulled  at  sufficiently  distant  positions. 
(5)  When  the  contact  angle  between  the  guide  and  the  wire  is  small,  the  wire  makes  point  contact  with  the 

30  guide,  and  when  the  contact  angle  increases  and  the  radius  of  curvature  of  the  wire  at  the  point  of  contact  with 
the  guide  becomes  smaller  than  the  radius  R  of  the  guide,  the  wire  is  directed  around  the  guide.  Even  if  the 
contact  angle  is  further  increased  and  the  wire  is  directed  around  a  wider  portion  of  the  guide,  this  state  will 
not  d  iffer  from  the  state  at  the  instant  when  the  radius  of  curvature  of  the  wire  is  equal  to  the  radius  of  the  gu  ide. 

Fig.  3  is  an  enlarged  diagram  of  the  right  half  of  Fig.  2,  showing  the  state  in  which  the  wire  WR  does  not 
35  exactly  conform  to  the  geometrical  configuration  of  the  upper  guide  UG,  owing  to  the  elasticity  of  the  wire;  on 

the  side  toward  the  lower  guide  DG,  the  wire  deviates,  by  53,  from  the  line  4  tangential  to  the  both  guides  and 
deviates  therefrom  by  e  on  the  opposite  side.  Incidentally,  9  indicates  the  angle  between  perpendicular  lines 
from  the  center  of  the  upper  guide  UG  to  the  wire  WR  and  the  line  4.  The  angle  between  a  perpendicular  line 
from  the  center  of  the  guide  to  a  line  parallel  to  the  direction  in  which  the  wire  WR  is  pulled  and  the  perpendicular 

40  line  to  the  line  4  is  equal  to  90. 
By  setting  up  an  equation  from  an  equilibrium  equation  of  force  at  a  point  P  to  obtain  the  deviation  83  halfway 

between  the  upper  and  lower  guides  UG  and  DG  in  the  model  system  shown  in  Fig.  3,  the  following  equations 
can  be  obtained  approximately. 

When  the  angle  90  is  smaller  than  a  value  90'  dependent  upon  tan(9072)  =  1/kR, 
45  83  =  tan(9o/2)/k  -  R{1  -  cos(9o/2)}  (7) 

When  the  angle  90  is  larger  than  the  value  90',  it  follows  from  the  assumption  (5)  that 
80  =  (1/k2R)  -  R{1  -  cos(9072)}  (8) 

In  the  above,  k2  =  T/IzE  (where  T  is  the  tensile  force  of  the  wire,  Iz  the  geometrical  moment  of  inertia  of  the 
wire  WR,  and  E  the  Young  modulus  of  the  wire  WR)  and  90'  is  a  critical  value  for  the  wire  WR  to  be  directed 

50  around  the  guide.  This  value  can  be  obtained  by  solving  an  equation 
d2y/dx2  =  -1/R  (9) 

where  y  and  x  are  the  coordinates  of  the  contact  point  P  in  directions  perpendicular  and  horizontal  to  the  line 
4,  respectively. 

According  to  calculations,  the  wire  WR  abruptly  bends  near  the  guide  and  then  travels  along  a  substantially 
55  straight  path  (as  indicated  by  5  in  Fig.  2). 

Also  in  the  case  where  the  upper  and  lower  guides  UG  and  DG  are  disposed  in  such  a  manner  as  to  support 
the  wire  WRfrom  opposite  directions,  as  depicted  in  Fig.  4,  the  deviation  83  of  the  wire  is  substantially  equal 
to  that  in  the  above  case.  This  is  because  of  the  fact  that  the  influence  of  the  direction  in  which  the  wire  is  sup- 
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ported  diminishes  as  the  distance  from  the  guide  increases. 
Fig.  5  shows  an  application  of  the  above  discussion  to  taper  cutting. 
When  the  wire  WR  is  pulled  from  a  direction  at  an  angle  90  to  a  perpendicular  line  (perpendicular  to  the 

underside  of  the  wire),  if  the  elasticity  of  the  wire  WR  were  ignored,  its  center  line  WR'  would  be  in  agreement 
5  with  the  broken  line  6  exactly  following  the  geometrical  configuration  of  the  upper  guide  UG.  In  practice,  how- 

ever,  the  wire  bends  owing  to  its  elasticity  and  its  center  line  deviates  from  the  broken  line  6  by  83,  as  indicated 
by  the  solid  line.  In  consequence,  the  supporting  point  of  the  wire  WR  shifts  from  the  point  C  to  a  point  A'  by 
S.  The  value  of  this  deviation  S  is  the  sum  of  the  (first)  deviation  S1  which  is  attributable  to  the  circular  configu- 
ration  of  the  guideway,  as  referred  to  previously  with  regard  to  Fig.  12,  and  the  (second)  deviation  82  which 

10  arises  from  the  deviation  83  of  the  wire  WR  which  does  not  exactly  conform  to  the  shape  of  the  guideway  due 
to  its  elasticity.  The  first  deviation  8,  can  be  obtained  from  Eq.  (3)  and  the  second  deviation  82  from  the  following 
equation: 

82  =  83/sine0  (10) 
Since  the  overall  deviation  8  is  thus  obtained,  high  precision  taper  cutting  can  be  achieved  by  calculating  and 

is  correcting  the  position  of  the  guide  in  accordance  with  the  tapering  angle  0O  during  cutting. 
The  broken  line  3  in  Fig.  14  shows  the  results  of  calculation  of  the  deviation  (8,  +  82)  taking  into  account 

the  above  Eq.  (10)  as  well,  and  this  deviation  substantially  agrees  with  the  deviation  obtained  from  the  exper- 
imental  results  indicated  by  the  solid  line  1. 

The  present  invention  is  based  upon  such  principles  as  mentioned  above  and  is  applied  to  a  taper  cutting 
20  control  unit  for  a  wire-cut,  electric  discharge  machine  in  which  a  wire  is  stretched  between  a  pair  of  guides, 

each  having  a  curved  guideway  on  the  side  where  a  workpiece  is  disposed,  and  the  wire  is  held  at  an  angle 
to  the  workpiece  and  displaced  relative  thereto  for  taper  cutting.  According  to  the  present  invention,  there  is 
provided  correcting  means  for  electrically  correcting,  in  accordance  with  the  tapering  angle,  an  error  in  the  incli- 
nation  angle  of  the  wire  which  is  based  on  the  sum  of  the  first  deviation  Si  of  the  wire  supporting  point,  which 

25  is  attributable  to  the  curved  surface  of  the  guideway,  and  the  second  deviation  S2  of  the  wire  supporting  point 
which  is  caused  by  the  fact  that  the  wire  does  not  exactly  conform  to  the  geometrical  configuration  of  the  guide- 
way  on  account  of  the  elasticity  of  the  wire  itself. 

Fig.  1  is  a  block  diagram  illustrating  the  principal  part  of  an  example  of  the  numerical  control  unit  of  the 
present  invention  which  conducts  electric  discharge  machining  while  correcting  the  vertical  distance  between 

30  the  supporting  points  of  the  wire.  In  Fig.  1  ,  reference  character  PTP  indicates  a  paper  tape  having  numerical 
control  information  punched  therein  TR  a  tape  reader  for  reading  the  information  punched  in  the  paper  tape, 
DEC  a  decoder  for  decoding  the  information  read  out  of  the  paper  tape  PTP,  REG  a  register,  and  PAR  a  par- 
ameter  storage  register  for  storing  the  tapering  angle  0O,  the  distance  M  between  the  upper  and  lower  guides, 
the  distance  h  between  the  underside  of  the  workpiece  and  the  lower  guide,  etc.  Reference  character  CPS  iden- 

35  tifies  a  correction  circuit  for  correcting  the  distances  H  and  h.  The  vertical  distance  between  the  wire  supporting 
points  is  corrected  on  the  basis  of  the  following  equation: 

He  =  H  -  2(8!  +  82)  (11) 
The  distance  h  between  the  underside  of  the  workpiece  and  the  lower  guide  is  corrected  on  the  basis  of  the 
following  equation: 

40  he  =  h  -  (8,  +  82)  (12) 
Reference  character  WCP  designates  a  known  processing  unit  which  controls  wire-cut,  electric  discharge 
machining  and  which  inputs  position  data  and  parameters  such  as  the  tapering  angle  00,  the  distances  H  and 
h,  and  so  forth,  and  calculates  and  outputs  incremental  amounts  of  travel  (AX,  AY)  of  the  workpiece  and  incre- 
mental  amounts  of  travel  (All,  AV)  of  the  upper  guide.  Reference  character  INT  denotes  a  pulse  distribution 

45  circuit  which  performs  a  pulse  distribution  calculation  on  the  basis  of  the  incremental  amounts  of  travel  (AX, 
AY)  and  (AU,  AV)  and  creates  distribution  pulses  Xp,  Yp,  Up,  and  Vp,  DVX,  DVY,  DVU  and  DW  x-,  y-,  U-  and 
V-axis  servo  control  circuits,  and  MU.  MV,  MX  and  MY  servo  motors  in  the  respective  axes. 

The  vertical  distance  H  between  the  wire  supporting  points,  the  distance  h  between  the  underside  of  the 
workpiece  and  the  lower  guide,  and  the  tapering  angle  90  read  out  of  the  paper  tape  PTP  are  decoded  by  the 

50  decoder  DEC  and  then  applied  to  the  correction  circuit  CPS.  Upon  reception  of  the  distances  H  and  h  and  the 
tapering  angle  90,  the  correction  circuit  CPS  performs  the  corrective  calculations  of  Eqs.  (11)  and  (12)  to  obtain 
the  distances  He  and  he,  which  are  provided,  as  a  correct  vertical  distance  between  the  wire  supporting  points 
and  a  correct  distance  between  the  underside  of  the  workpiece  and  the  lower  guide,  to  the  parameter  storage 
register  PAR  for  storage  therein.  On  the  other  hand,  path  data  is  stored  in  the  register  REG.  The  processing 

55  unit  WPC  effects  known  taper  cutting  control  in  accordance  with  the  input  path  data  and  the  corrected  par- 
ameters,  and  calculates  the  incremental  amounts  of  travel  (AX,  AY)  and  (AU,  AV).  which  are  provided  to  the 
pulse  distribution  circuit  INT.  Upon  inputting  thereto  of  the  incremental  amounts  of  travel  (AX,  AY)  and  (AU,  AV), 
the  pulse  distribution  circuit  INT  immediately  executes  the  pulse  distribution  calculations  for  the  four  axes  and 
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applies  the  distribution  pulses  Xp,  Yp,  Up  and  Vp  to  the  servo  control  circuits  DVM,  DVY,  DVU  and  DW,  which 
drive  the  servo  motors  MU,  MV,  MX  and  MY  in  a  known  manner,  thereby  displacing  the  workplace  and  the  upper 
guide  to  perform  desired  taper  cutting. 

In  the  present  invention,  letting  the  second  deviation  be  represented  by  S2,  the  tensile  force  of  the  wire  elec- 
5  trade  by  T,  the  geometrical  moment  of  inertia  of  the  wire  electrode  by  Iz,  the  Young  modulus  of  the  wire  electrode 

by  E,  the  afore-mentioned  constant  by  K2  (=  T/IzE),  the  afore-mentioned  radius  of  curvature  by  R,  the  tapering 
angle  60,  and  a  coefficient  of  correction  by  K,  the  second  deviation  is  given  as  follows: 
When  the  angle  90  is  smaller  than  the  angle  60'  which  is  dependent  upon  tan(9072)  =  1/kR, 

S2  =  K[{tan(8o/2)/k}  -  R{1  -  cos(90  /2)}]/sin90  (13) 
10  When  the  angle  80  is  greater  than  the  angle  80', 

82  =  K[(1/k2R)  -  R{1  -  cos(9072)}]/sin90  (14) 
In  the  above,  k  =  T/IzE  (where  T  is  the  tensile  force  of  the  wire,  Iz  the  geometrical  moment  of  inertia  of  the  wire 
WR,  and  E  the  Young  modulus  of  the  wire  WR).  The  angle  90'  is  the  limit  for  the  wire  to  be  directed  around  the 
guide.  This  is  obtainable  by  solving  the  following  equation: 

15  d2y/dx2  =  -1/R  (15) 
where  y  and  x  are  the  coordinates  of  the  point  of  contact  P  in  the  directions  perpendicular  and  horizontal  to  the 
line  4. 

The  constant  K  is  an  experimental  constant,  which  is  used  for  compensating  for  calculation  errors  resulting 
from  differences  in  the  guide  structure.  That  is,  when  the  clearance  between  the  guideway  and  the  wire  is  rela- 

20  tively  large,  as  shown  in  Fig.  13,  even  if  K  =  1  in  Eqs.  (13)  and  (14),  the  deviation  82  can  be  obtained  with  high 
accuracy.  On  the  other  hand,  when  the  clearance  between  the  wire  WR  and  the  guideway  of  the  guide  G  is 
small,  for  instance,  as  depicted  in  Fig.  6,  the  bending  of  the  wire  is  hindered  there,  resulting  in  the  deviation 
becoming  almost  two-fold  (i.e.  K  =  2).  With  a  guide  employing  a  diamond  die  G1  of  a  small  clearance  and  a 
saphire  die  G2  of  a  large  clearance  as  shown  in  Fig.  7  (see  Japanese  U.M.  Pub.  Disc.  Gazette  No.  34923/84, 

25  for  example),  there  are  cases  where  the  bending  of  the  wire  is  hindered  by  the  diamond  die  G1  and  where  the 
wire  can  be  considered  to  merely  make  point  contact  with  the  diamond  die  G1  according  to  the  value  of  its.  clear- 
ance.  As  a  matter  of  fact,  the  value  of  the  clearance  is  selected  intermediate  between  those  in  the  above  two 
cases.  Accordingly,  it  is  desirable,  in  practice,  to  conduct  a  machining  test  for  a  certain  tapering  angle  at  least 
once  and  determine  the  correction  coefficient  K  so  that  the  deviation  62  counted  back  from  the  tapering  angle 

30  actually  obtained  by  the  test  may  agree  with  the  afore-mentioned  equation. 
As  described  above,  according  to  present  invention,  provision  is  made  for  electrically  correcting,  in  accord- 

ance  with  the  tapering  angle,  an  error  in  the  inclination  angle  of  the  wire  which  is  based  on  the  sum  of  a  first 
deviation  of  the  supporting  point  of  the  wire,  which  is  attributable  to  the  curved  surface  of  the  wire  guide  portion, 
and  a  second  deviation  of  the  wire  supporting  point  which  is  caused  by  the  fact  that  the  wire  does  not  exactly 

35  conform  to  the  geometrical  configuration  of  the  wire  guide  portion  owing  to  the  elasticity  of  the  wire.  Thus  the 
taper  cutting  accuracy  can  be  further  increased. 

Claims 
40 

1.  A  taper  cutting  control  unit  for  a  wire-cut,  electric  discharge  machine  in  which  a  wire  electrode  (WR)  is 
stretched  between  a  pair  of  guides  (UG,  DG),  each  having  a  curved  wire  electrode  guide  portion  (UGW,  UGW' 
and  DGW,  DGW')  on  the  side  where  a  workpiece  is  disposed,  and  the  wire  electrode  (WR)  is  held  at  an  angle 
to  the  workpiece  and  is  displaced  relative  thereto  for  taper  cutting  thereof,  the  taper  cutting  control  unit  com- 

45  prising  correcting  means  (CPS)  for  electrically  correcting,  in  accordance  with  a  tapering  angle,  error  in  the  incli- 
nation  angle  of  the  wire  electrode  (WR)  which  depends  on  a  first  deviation  8!  of  a  supporting  point  (C)  of  the 
wire  electrode  (WR)  in  each  guide  (UG,  DG),  which  is  caused  by  the  curvature  of  said  curved  wire  electrode 
guide  portion  of  the  guide,  characterised  in  that  said  error  is  based  on  the  sum  of  said  first  deviation  8,  and  a 
second  deviation  8i  of  the  supporting  point  (C)  of  the  wire  electrode  which  is  caused  by  the  fact  that  the  wire 

50  electrode  (WR)  does  not  exactly  conform  to  the  geometry  of  the  wire  electrode  guide  portion  of  the  guide  owing 
to  the  elasticity  of  the  wire  electrode  (WR),  the  correcting  means  (CPS)  being  operable  to  calculate  said  second 
deviation  82from  the  tensile  force  of  the  wire  electrode  T,  the  geometrical  moment  of  inertia  of  the  wire  electrode 
Iz,  the  Young  modulus  of  the  wire  electrode  E,  a  constant  k2  (=  T/IzE),  the  radius  of  curvature  of  the  curved 
wire  electrode  guide  portion  of  the  guide  R,  the  tapering  angle  90,  and  a  coefficient  of  correction  K,  the  second 

55  deviation  S2  being  given  as  follows: 
when  the  tapering  angle  90  is  smaller  than  an  angle  90'  which  is  determined  by  tan(9072)  =  1/kR, 

82  =  K[{tan(8o/2)/k}  -  R{1  -  cos(9o/2}]/sin90 
and  when  the  tapering  angle  80  is  greater  than  the  angle  90', 
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62  =  K[(1/k2R)  -  R{1  -  cos(e072)}]/sin90. 

Patentanspriiche 
5 

1.  Kegelschneid-Steuereinheit  fur  eine  elektrische  Schneiddraht-Entladungsbearbeitungsmaschine,  bei 
der  eine  Drahtelektrode  (WR)  zwischen  einem  Paar  von  Fuhrungen  (UG,  DG)  gespannt  ist,  wovon  jede  einen 
gekrummten  Drahtelektroden-FOhrungsteil  (UG-W,  UG-W  u.  DG-W,  DG-W)  auf  derjenigen  Seite  hat,  auf  der 
ein  Werkstuck  angeordnet  ist,  und  die  Drahtelektrode  (WR)  unter  einem  Winkel  zu  dem  Werkstiick  gehalten 

10  und  relativ  zu  diesem  zum  kegelformigen  Ausschneiden  desselben  versetzt  ist,  wobei  die  Kegelschneid-Steue- 
reinheit  ein  Korrekturmittel  (CPS)  zum  elektrischen  Korrigieren  eines  Fehlers  in  dem  Neigungswinkel  der  Draht- 
elektrode  (WR)  in  Ubereinstimmung  mit  einem  Konizitatswinkel  umfa&t,  welcher  Fehler  von  einer  ersten 
Abweichung  8̂   eines  Auflagepunkts  (C)  der  Drahtelektrode  (WR)  in  jederder  Fuhrungen  (UG,  DG)  abhangt, 
die  durch  die  Krummung  der  gekrummten  Drahtelektroden-Fuhrung  des  gekrummten  Drahtelektroden-Fiih- 

15  rungsteils  der  Fuhrung  verursacht  ist,  dadurch  gekennzeichnet,  daB  der  Fehler  auf  der  Summe  der  ersten 
Abweichung  8̂   und  einer  zweiten  Abweichung  82  des  Auflagepunkts  (C)  der  Drahtelektrode  basiert,  die  durch 
die  Tatsache  verursacht  ist,  daU  die  Drahtelektrode  (WR)  aufgrund  der  Elastizitat  der  Drahtelektrode  (WR)  nicht 
exakt  an  die  Geometrie  des  Drahtelektroden-Fuhrungsteils  der  Fuhrung  angepalSt  ist,  wobei  das  Korrekturmittel 
(CPS)  betreibbar  ist,  urn  die  zweite  Abweichung  52  aus  der  Zugkraft  T  der  Drahtelektrode,  dem  geometrisch 

20  bedingten  Tragheitsmoment  Iz  der  Drahtelektrode,  dem  Elastizitatsmodul  E  der  Drahtelektrode  ,  einer  Konstan- 
ten  k2  (=T/lzE),  dem  Radius  R  der  Krummung  des  gekrummten  Drahtelektroden-Fuhrungsteils  der  Fuhrung, 
dem  Konizitatswinkel  60  und  einem  Koeffizienten  K  der  Korrekturzu  berechnen,  wobei  die  zweite  Abweichung 
6  2,  wenn  der  Konizitatswinkel  90  kleiner  als  ein  Winkel  60'  ist,  was  durch  tan(0o72)  =  1/kR  bestimmt  ist,  durch 

S2  =  K[{tan(9o/2)/k}  -  R{1  -  cos(9o/2)}]/sine0 
25  gegeben  ist  und, 

wenn  der  Konizitatswinkel  90  groRer  als  der  Winkel  90'  ist,  durch 
82  =  K[(1/k2R)  -  R{1  -  cos(9172)}]/sinG0 

gegeben  ist. 

30 
Revendications 

1  .  Une  unite  de  commande  de  coupe  conique  pour  une  machine  d'electroerosion  a  fil  de  coupe,  dans 
laquelle  une  electrode  sous  forme  de  fil  (WR)  est  tendue  entre  une  paire  de  guides  (UG,  DG),  chaque  guide 

35  ayant  une  partie  de  guide  d'electrode  en  forme  de  fil  (UGW,  UGW'  et  DGW,  DGW'),  de  forme  courbe,  du  cfite 
ou  est  placee  une  piece  a  usiner,  et  I'electrode  en  forme  de  fil  (WR)  est  maintenue  sous  un  certain  angle  par 
rapport  a  la  piece  a  usiner  et  elle  est  deplacee  par  rapport  a  cette  derniere  pour  effectuer  une  coupe  conique 
de  celle-ci,  I'unite  de  commande  de  coupe  conique  comprenant  des  moyens  de  correction  (CPS)  qui  sont  des- 
tines  a  corriger  electriquement,  conformement  a  un  angle  de  coupe,  une  erreur  de  Tangle  d'inclinaison  de  I'elec- 

40  trode  en  forme  de  fil  (WR),  qui  depend  d'un  premier  ecart  8i  d'un  point  de  support  (C)  de  I'electrode  en  forme 
de  fil  (WR)  dans  chaque  guide  (UG,  DG),  qui  est  occasionne  par  la  courbure  de  la  partie  de  guide  d'electrode 
en  forme  de  fil  de  forme  courbe  du  guide,  caracterisee  en  ce  que  cette  erreur  est  basee  sur  la  somme  du  premier 
ecart  51  et  d'un  second  ecart  52  du  point  de  support  (C)  de  I'electrode  en  forme  de  fil,  qui  est  occasionne  par 
le  fait  que  I'electrode  en  forme  de  fil  (WR)  ne  se  conforme  pas  exactement  a  la  configuration  geometrique  de 

45  la  partie  de  guide  d'electrode  en  forme  de  fil  du  guide,  a  cause  de  Telasticite  de  I'electrode  en  forme  de  fil  (WR), 
les  moyens  de  correction  (CPS)  etant  capables  de  calculer  le  second  ecart  S2  a  partir  de  la  force  de  traction 
de  I'electrode  en  forme  de  fil  T,  du  moment  d'inertie  geometrique  de  I'electrode  en  forme  de  fil  Iz,  du  module 
d'Young  de  I'electrode  en  forme  de  fil  E,  d'une  constante  k2  (=  T/IzE),  du  rayon  de  courbure  de  la  partie  de 
guide  d'electrode  en  forme  de  fil,  de  forme  courbe,  du  guide,  R,  de  Tangle  de  cone  90,  et  d'un  coefficient  de 

so  correction  K,  le  second  ecart  S2  etant  defini  de  la  fagon  suivante  : 
lorsque  Tangle  de  cfine  60  est  inferieur  a  un  angle  8'0  qui  est  determine  par  tan(9V2)  =  1/kR,  on  a  : 

82  =  K[{tan(9o/2)/k}  -  R{1  -  cos(9o/2)}]  sin90 
et  lorsque  Tangle  de  cSne  90  est  inferieur  a  Tangle  9'0,  on  a  : 

52  =  K[(i;k2R)  -  R{1  -  cos(9V2)}]sin90. 
55 
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DIAGRAM  EXPLANATORY  OF  A  GUIDE  USED  IN  EXPERIMENT 
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